We herein report the case of an 84-year-old who developed pneumonia after drowning in a rice field. Besides Aspergillus fumigatus, many pathogens previously not reported in drowning-associated pneumonia (such as Pseudomonas fluorescens, Pseudomonas putida, Nocardia niigatensis, and Cunninghamella sp.) were isolated from his sputum. He received sulbactam/ampicillin, trimethoprim/sulfamethoxazole, voriconazole, levofloxacin and liposomal amphotericin B, but died due to respiratory failure. Because the patient had drowned in a contaminated stagnant rice field and had multiple lung cavities, zygomycosis was suspected. This report provides invaluable information for the consideration of zygomycosis after an individual drowning in a rice field, even in an immunocompetent patient.
Introduction
Pneumonia is one of the most serious infectious complications after drowning. Organisms causing drowningassociated pneumonia vary depending upon the type of environmental exposure. The environmental exposure is classified into three types: freshwater, saltwater, and contaminated stagnant water. While Aeromonas spp., Streptococcus pneumonia, Aspergillus spp. and Pseudallescheria boydii are common causes of drowning-associated pneumonia (1) , nocardiosis and zygomycosis have been reported in only a few cases (2, 3) . We herein experience a case of pneumonia in which many organisms, including Pseudomonas fluorescens (P. fluorescens), Pseudomonas putida (P. putida), glucose non-fermenting Gram-negative rods (GNF-GNR), Nocardia niigatensis (N. niigatensis), Aspergillus fumigatus (A. fumigatus), Cunninghamella sp. and others, were isolated after drowning in a rice field.
Case Report
An 84-year-old man was brought to the emergency department for dyspnea after falling into a rice field in late May. On that day, he went to the rice field from his house at 16:00 and a neighbor found him submerged in the rice field at 16:50. The precise submersion time was unknown. He had a history of osteoporosis with compression fractures at T12 and L1, appendectomy due to appendicitis and distal gastrectomy due to gastric cancer at 73 years of age. He had taken bisphosphonate in the past, but was not on any medications at the time. He had no known allergies. He was a farmer, did not smoke, but drank 180 mL of sake daily.
On a physical examination, the patient was a slender man who was conscious. His initial temperature was 35.9 , but rose to 37.9 within two hours. His blood pressure was 150/90 mmHg, pulse rate of 111 beats/min, respiratory rate of 35/min, and oxygen saturation of 97% under inhalation of 10 L/min of oxygen via a non-rebreather face mask. The physical examination was unremarkable except for crackles on both lung fields and wheezes in the left lung field. Type 2 respiratory failure was assumed following a venous blood gas analysis. A blood test showed slightly elevated Creactive protein levels (Table 1) . A chest X-ray on admission showed reticulonodular opacities in the bilateral lungs ( Fig. 1 ). Computed tomography (CT) of the lungs revealed diffuse ground-glass attenuation along the bronchi (Fig. 2) .
The patient was diagnosed with chemical pneumonitis caused by the aspiration of muddy rice field water, given that a large amount of muddy water was removed from his trachea with suctioning, in addition to the CT findings mentioned above. Piperacillin/tazobactam was immediately administered on admission based on the probability that the patient's chemical pneumonitis would likely transform into bacterial pneumonia. Initially, the patient did not respond to the antibiotic therapy and the fever and hypoxemia continued. On day 6, Nocardia sp. and Legionella sp. were suspected from the initial analysis of the patient's sputum obtained on day 1, however, Legionella sp. was not later identified. Intravenous azithromycin and oral trimethoprim/sulfamethoxazole were added to his treatment. On day 9, because fungi (including Scedosporium sp., Penicillium oxailcum and Acremonium sp.) were suspected from the interim report of his sputum obtained on day 1, voriconazole was added to the antibiotic regimen. Eventually Scedosporium sp. was identified to be Chaetomium sp., and Acremonium sp. was identified to be Pleosporales sp. For the screening of the central nervous lesion concomitant with scedosporiosis, head CT on day 11 and a lumbar puncture on day 13 were performed, however, no abnormalities were observed. On day 13, A. fumigatus and GNF-GNR resistant to piperacillin/tazobactam were identified in his sputum obtained on day 6. Levofloxacin was added to the regimen, however, the fever, elevated C-reactive protein levels and hypoxemia persisted. On day 19, chest CT demonstrated multiple nodules and cavities, which were also visible on the chest CT scan on day 21 (Fig. 3) . On day 20, liposomal amphotericin B was added in consideration of zygomycosis. Despite the treatment, his fever, laboratory data, and inflammation status deteriorated. On day 32, vancomycin was added because a catheter-related bloodstream infection was suspected. On day 36, the patient died of respiratory failure. After his death, Cunninghamella sp. was identified from his sputum obtained on day 6. Ribosomal RNA gene sequence analyses of the internal transcribed spacer (ITS) regions and the 26S D1/D2 domains showed Cunninghamella sp. with 97% sequence homology to Cunninghamella multiverticillata. His Fig. 4 . The results of bacterial and fungal tests are summarized in Table 2 .
Discussion
We herein report a case which developed pneumonia after falling down in a rice field and inhaling both mud and contaminated stagnant water. To the best of our knowledge, only one previous case of pneumonia after drowning in the rice field has been reported (3). In that case, while Acinetobactor sp. was detected from the bronchoalveolar lavage (BAL) fluid and blood culture, Aspergillus and Mucor (species was not identified) were detected from the respiratory specimens collected at autopsy. In the case of pneumonia after drowning in the rice field, the possibility of the coexistence of aspergillosis or zygomycosis should be considered. In the present case, although P. fluorescens, P. putida, GNF-GNR, N. niigatensis, A. fumigatus, Cunninghamella sp. and other microorganisms were detected from his sputum, none could be identified to be the causative pathogen. In the previous reports, polymicrobial pneumonia is often seen in drowning-associated pneumonia and Tsunami-related aspiration pneumonia (4-6). While A. fumigatus is a commonly isolated pathogen of drowning-associated pneumonia, nocardiosis has been reported in only 1 case (2) and zygomycosis has been reported in 2 cases (2, 3) to date. To the best of our knowledge, P. fluorescens, P. putida, and Cunninghamella sp. have never been previously described in the pa- tients diagnosed with drowning-associated pneumonia.
P. fluorescens and P. putida can be naturally found in the soil and water in the environment. Although they are known to be opportunistic pathogens that cause catheter-related bloodstream infections (7) (8) (9) and outbreaks caused by a contaminated fluid (10, 11) , there have been no previous reports of these bacteria associated with drowning-associated pneumonia. Pseudomonas mandelii, which was identified from his sputum obtained on day 1 (shown in Table 2 ), is known to be isolated from natural spring waters, however, its pathogenesis has not yet been reported. GNF-GNR may be cultured under the influence of bacterial translocation of piperacillin/tazobactam and thought to belong to genus Pseudomonas. In the present case, P. fluorescens, P. putida and GNF-GNR were cultured repeatedly and thus may be causative pathogens.
Nocardia sp. is a famous Gram-positive respiratory pathogen, however, it is not well-recognized to be a pathogen of drowning-associated pneumonia. In a previous report of nocardiosis after drowning (2), Nocardia cyriacigeorgici and Nocardia farcinica were identified from the sputum and BAL sample. N. niigatensis is a known pathogen of cutaneous nocardiosis (12, 13) , however, it has not yet been reported to be a pathogen for respiratory infections. In the present case, N. niigatensis was isolated only once and we could not clarify its contribution to the pathogenesis of pneumonia.
Aspergillus sp. commonly causes invasive pulmonary lesions and is ubiquitous in the soil, sewage and air. A. fumigatus has been previously reported to be not only a causative pathogen of drowning-associated pneumonia, but also as a pathogen of "tsunami lung," a series of severe systemic infections following aspiration pneumonia caused by drowning in the tsunami (14, 15) . In addition to β-D-glucan assays, the serial measurement of serum galactomannan was reported to be helpful for the diagnosis and early treatment of invasive pulmonary aspergillosis soon after drowning (16) . In the present case, although β-D-glucan was negative, the serum galactomannan index was slightly elevated and A. fumigatus was repeatedly detected. A. fumigatus was therefore speculated to be a causative pathogen.
Cunninghamella sp. belongs to a genus of the order Mucorales. The Mucorales are ubiquitous and found in the soil, air conditioners and parts of the buildings where water is circulated (17, 18) . Zygomycosis is an infection caused by the genera in the order Mucorales, particularly in immunocompromised patients. Pulmonary zygomycosis is typically diagnosed by the BAL specimen and lung biopsy, mainly morphologically (17, 19) . This organism, however, is difficult to culture from the clinical specimens. Pulmonary zygomycosis should be distinguished from invasive pulmonary aspergillosis. While pulmonary zygomycosis has a clinical manifestation similar to that of invasive pulmonary aspergillosis (20) , their treatments are different. To distinguish these two, the sinus involvements, receipt of prophylactic voriconazole and multiple nodules (! 10) in chest CT are helpful predictors of pulmonary zygomycosis in the patients with cancer (20) . In the present case, although the patient was immunocompetent and did not have any risk factors for zygomycosis, zygomycosis was suspected due to the followings: 1. The patient had drowned in contaminated stagnant water, which was similar to both of the previously reported cases of zygomycosis after drowning (2, 3); 2. β-D-glucan was negative; 3. He did not respond to the antibiotic therapy, including voriconazole, levofloxacin, sulbactam/ampicillin and trimethoprim/sulfamethoxazole; and 4. Chest CT revealed more than 10 multiple nodules. According to these clinical findings suspicious for zygomycosis, liposomal amphotericin B treatment was added.
Although the tracheal aspirates culture was repeated, A. fumigatus was identified twice and other fungi, including Cunninghamella sp., were identified only once. Neither BAL nor histological examinations, such as a lung biopsy with bronchoscopy, were performed. There was no positive culture of a specimen from a normally sterile site (e.g., the blood, pleural effusion or cerebrospinal fluid). Additionally, an autopsy was not performed. Due to these limitations, no microorganism was identified to be the sole causative pathogen, nonetheless, this case depicts the importance of the consideration of pulmonary fungal infection after drowning in a rice field even in an immunocompetent patient. In the cases of drowning-associated pneumonia in contaminated stagnant water zygomycosis should be therefore considered, in addition to the possibility of aspergillosis and bacterial infection.
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